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ANTIOXIDANT ACTIVITY OF SEED EXTRACTS
OF SELECTED FORAGE PLANTS

Objective — to investigate the antioxidant activity of seed extracts of selected forage plants in conditions of M.M. Gryshko Na-
tional Botanical Garden of the NAS of Ukraine.

Material and methods. Seeds of seven forage plants researched in this study: Baptisia australis (L.) R.Br. (Fabaceae), Bu-
nias erucago L., B. orientalis L. (Brassicaceae), Galega officinalis L., G. orientalis Lam. (Fabaceae), Isatis littoralis Steven,
1. tinctoria L. (Brassicaceae). The method described by Brand-Williams et al. (1995) used to determine the antiradical activ-
ity of plant extracts. Biochemical analyze included following stages: preparation of methanol, ethanol and water extracts (1g
of dried material mixed with 25 ml of solvent); 12 hours of extraction; spectrophotometric procedure of determination of anti-
radical activity with a 2,2-diphenyl-2-picrylhydrazyl solution. A solution of radical prepared in methanol and diluted according
to method. Data were expressed in ascorbic acid equivalent (AAE) and Trolox equivalent (TE) on a gram of dry weight. Meas-
urements of extracts carried out on spectrophotometer UNICO UV 2800 at 515 nm. Experimental data processed by Excel.

Results. Methanol extracts of investigated plants had an antiradical activity of 18.27—80.57 %, ethanol extracts of 11.07—
79.73 % and water extracts of 23.31—80.26 %. Antioxidant activity of methanol extracts expressed on ascorbic acid equivalent
was 1.75—2.72 mg AAE per gram, ethanol extracts 1.62—2.72 mg AAFE per gram and water extracts 1.82—2.66 mg AAFE per
gram. Results exhibited antioxidant activity expressed on Trolox equivalent of methanol extracts from 1.30 to 7.51 mg TE per
gram, ethanol extracts from 0.56 to 7.76 mg TE per gram and water extracts from 1.19 to 7.37 mg TFE per gram.

Conclusions. Obtained data demonstrated that in conditions of M.M. Gryshko National Botanical Garden of the NAS of
Ukraine seed extracts of investigated forage plants have high antioxidant potential as well as leaves or shoots. Antiradical activ-
ity of extracts was of 11.07—84.60 %. All seed extracts had the least values of this parameter in the ethanolic extracts. Antioxi-
dant activity expressed in ascorbic acid equivalent was maximal for Bunias orientalis and Galega officinalis and minimal for
Isatis tinctoria. Antioxidant activity by Trolox equivalent was high for Bunias orientalis methanol extracts and slow for Bunias
erucago ethanol extracts. Investigation of seeds extracts of crops from different plant families is need to evaluate antioxidant
potential of it and recommend for use.

Key words: seeds, alcoholic and water extracts, antiradical activity, antioxidant activity.

The growing demand for natural antioxidants ex-
ists in food and cosmetic industries and requires
the new sources of these compounds. Antioxidant
activity is an important and widely studied param-
eter of plant raw material investigation. Last time
there are numerous reports about the accumula-
tion of different antioxidants in different parts of
plant organism [6]. Plant antioxidants are known
as agents that reduce the risk of many chronic dis-
eases and play an important role in plants [14].
According to Kumar et al. (2017), antioxidants
include two main types such as antioxidants based
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on solubility (ascorbic acid, glutathione, lipoic
acid, uric acid etc.) and based on the occurrence
(vitamin A, vitamin C, vitamin E, beta-carotene
etc.) [14]. Investigation of seed antioxidant capac-
ity actual concerning to active oxygen species,
which, as reported Bailly (2004), may play a role
in desiccation-related damage, particularly in de-
hydration-intolerant recalcitrant seeds [2].
During seed sprouting a multitude of biochem-
ical processes takes place, which caused radical
changes in biochemical composition. It can lead
to a change in phenolic compounds profile and
antioxidant activity [5]. Some results showed that
germinated seeds increased the polyphenol con-
tent and relating to this antioxidant activity [13;
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19]. But the study of some Fabaceae seeds demon-
strated that total phenolic compounds decreased
during sprouting. Thus, accumulation antioxi-
dants and linear relationship between polyphenol
compounds and antioxidant activity of seeds de-
pends on plant species and, also, conditions of
germination [9; 16].

Investigation of forage plants still is an actual
branch of modern biology because of their use in
agriculture and, also, these plants are an impor-
tant source of biologically active compounds. In
addition, these plants can be used as medicinal,
plant raw material of which exhibit different bio-
logical activities such as microbiological, antioxi-
dant, anticancer effect [8; 11; 12; 17].

Objective — to investigate the antioxidant ac-
tivity of seed extracts of selected forage plants in
conditions of M.M. Gryshko National Botanical
Garden of the NAS of Ukraine.

Material and methods

Seeds were collected from the experimental collec-
tion of Department of Cultural Florain M.M. Grysh-
ko National Botanical Garden of the NAS of
Ukraine (NBG) at the stage of full seed ripening. In
this study following species from a collection of for-
age plants were tested: Baptisia australis (L.) R.Br.
(Fabaceae), Bunias erucago L., B. orientalis L. (Bras-
sicaceae), Galega officinalis L., G. orientalis Lam. (Fa-
baceae), Isatis littoralis Steven, I. tinctoria L. (Brassi-
caceac).

Biochemical analyses were conducted in the
laboratory of Department Cultural Flora of NBG.
Determination of the antiradical activity of ex-
tracts detected according to Brand-Williams [4].

Extracts preparation

For extraction, 1 g of dried and milled seeds
were mixed with 25 ml of solvent (methanol, eth-
anol, and water). The procedure of extraction
continued for 12 hours at the constant shaking.
After this conducted filtration of obtained mix-
tures.

DPPH radical scavenging activity

Obtained extracts were analyzed on antioxidant
capacity with DPPH-radical (2,2-diphenyl-2-pic-
rylhydrazyl). A radical solution prepared by the
following procedure: 0.025 g of radical mixed with
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100 ml of methanol. The obtained solution was
diluted for the next analyses (1:10). 3.9 ml of the
radical solution measured at the wavelength 515
nm on the spectrophotometer UNICO UV 2800
and added 100 pl of plant extract. After 10 minutes
in darkness obtained solution measured again at
the same wavelength. Results of measurements
were calculated by equation:
% Inh = ((A,— A,) : A - 100,

where % Inh — % of inhibition of radical solution;
A, — control measurement without plant extract;
A, — measurement with plant extract after 10 mi-
nutes.

Obtained results also were expressed in ascorbic
acid equivalent (AAE) and Trolox equivalent (TE)
on a gram of dry weight.

Experimental data were evaluated by using Ex-
cel 2010. Mean values of three replicates and
standard deviation are given in Figures 1, 2 and
Table.

Results and discussions

Investigation of forage plants plays an important
role in agricultural science. Plants from Fabaceae
such as Galega orientalis characterized by high
productivity and as N-fixators [18]. Bunias orien-
talis that belongs to Brassiceae, besides value char-
acteristics, demonstrated also antimicrobial activ-
ity [21]. It is known, that plants of Isatis spp. ac-
cumulate two indoxyl-forming substances in leav-
es, which when exposed on air form indigo [10].

Our previous study of antioxidant activity showed
that different plants such as forage, energetic, oil
plants, medicinal etc. and it plants raw material
have the high antioxidant potential [20].

Various methods are used to identify the anti-
oxidant property of plant raw material. Alam et al.
(2012) reviewed two basic groups of methods to
evaluate antioxidant properties of samples: in vitro
and in vivo methods. The first group of methods
includes DPPH scavenging activity, hydrogen per-
oxide scavenging assay, nitric oxide scavenging ac-
tivity, Trolox equivalent antioxidant capacity, total
radical-trapping antioxidant parameter (TRAP)
method, ferric reducing-antioxidant power, phos-
phomolybdenum method etc. The second group of
methods usually use on animals such as mice, rats
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etc. and their tissues can be used for the assay [1].
DPPH method is the most widespread and simple
assay based on the reaction of discoloration of the
radical solution [15].

Seed is a potential source of antioxidants [7]. In
our study, we used to investigate methanol, etha-
nol and water extracts of seeds to determine DPPH
scavenging effect. On Fig. 1 demonstrated that
antiradical activity of seed extracts was the least
for ethanol extracts of all investigated plants. Anti-
radical activity of methanol extracts of investigat-
ed plants decreased in the following the order:
Gualega officinalis > Bunias orientalis > Galega orien-
talis > Bunias erucago > Baptisia australis > Isatis
littoralis > Isatis tinctoria. This parameter in etha-
nol extracts decreased in following order: Bunias
orientalis > Galega orientalis > Galega officinalis >
Bunias erucago > Isatis littoralis > Baptisia australis >
Isatis tinctoria. Scavenging effect of seed extracts
against DPPH radical decreased in the following
the order: Bunias orientalis > Galega officinalis >
Gualega orientalis > Baptisia australis > Bunias eru-
cago > Isatis littoralis > Isatis tinctoria.

Generally, methanol extracts of investigated plants
had an antiradical activity of 18.27—80.57 %, etha-
nol extracts of 11.07—79.73 % and water extracts of
23.31—80.26 %. Our previous investigation of anti-
oxidant activity of Brassicaceae species demon-
strated that plant raw material of above-ground part
of the plant has an antiradical activity of different
extracts from 25.67 to 84.60 %, wherein methanol
extracts had higher results [22].

As positive control during DPPH assay can be
used ascorbic acid, gallic acid, quercetin, rutin, cat-
echin [14]. In our experiment chosen control com-
pound the ascorbic acid equivalent (AAE). Gener-

Antioxidant activity of selected plant extracts, mg TE/g
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Fig. 1. Scavenging effect of seed extracts on DPPH radical, %
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Fig. 2. Antioxidant activity of seed extracts of selected
plant species, mg AAE/g

ally, methanol extracts showed antioxidant activity
from 1.75to 2.72 mg AAE per gram, ethanol extracts
from 1.62 to 2.72 mg AAE per gram, water extracts
from 1.82 to 2.66 mg AAE per gram (Fig. 2).

Ethanol extracts | Water extracts

Species | Methanol extracts
Baptisia australis 1.30 £0.13
Bunias erucaga 6.74 £0.17
Bunias orientalis 7.51+£0.12
Galega officinalis 7.50 £0.39
Galega orientalis 7.28 £0.26

Isatis littoralis —
Isatis tinctoria —

- 3.27£0.11
0.56 = 0.04 1.96 £ 0.16
7.46 = 0.05 7.371£0.14
4.00£0.23 6.98 £0.21
5.34+0.31 5.68 £0.30

— 1.19 £0.17
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According to Borchardt et al. (2008), antioxi-
dant activity from DPPH scavenging activity for
Baptisia australis was 12.99 uM Trolox per 100 g,
B. bracteata of 20.08 uM Trolox per 100 g, Lepi-
dium virginicum 25.95 uM Trolox per 100 g, Cap-
sella bursa-pastoris of 14.71 uM Trolox per 100 g
[3]. In our experiment methanol extracts exhibit-
ed antioxidant activity from 1.30to 7.51 mg Trolox
equivalent (TE) per gram, ethanol extracts from
0.56 to 7.46 mg TE per gram, water extracts from
1.19 to 7.37 mg TE per gram (Table). Investigated
concentrations of plant extracts of Isatis littoralis
(methanol, ethanol extracts), Isatis tinctoria (all
extracts) and Baptisia australis (ethanol extract)
couldn’t be expressed in Trolox equivalent.

Conclusions

This study indicates that seeds of investigated forage
plants have high antioxidant potential as well as leaves
or shoots. In conditions of M.M. Gryshko National
Botanical Garden of the NAS of Ukraine selected
seeds of forage plants had antiradical activity from
11.07 to 84.60 % depending on extract. All investi-
gated seeds had the least values of this parameter in
the ethanolic extracts. Antioxidant activity expressed
in ascorbic acid equivalent (mg AAE/g) and Trolox
equivalent (mg TE/g) was of 1.62—2.72 and 0.56—
7.76 respectively. Investigation of seeds extracts of
crops from different plant families is need to evaluate
antioxidant potential of it and recommend for use.
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HauionanpHuit 60oTaHiyHUIi caf
iMmeHi M.M. Tpumika HAH Ykpainu,
Ykpaina, M. Kuis

AHTUOKCUAAHTHA AKTHUBHICTb
EKCTPAKTIB HACIHHA AEAKNX
KOPMOBHX POCIIMH

MeTta — [IOCTIAUTU aHTUOKCUIAHTHY aKTHUBHICTh €KC-
TPaKTiB HACIHHS IeSIKUX KOPMOBUX POCJIMH B yMoBax Ha-
LioHanbHOro OoTaHiyHOro cany iMeHi M.M. Ipuimka
HAH VYkpainu.

Marepian Ta metoau. JlocikeHO HaCiHHSI ceMU KOp-
MOBUX pociuH: Baptisia australis (L.) R.Br. (Fabaceae),
Bunias erucago L., B. orientalis L. (Brassicaceae), Galega
officinalis L., G. orientalis Lam. (Fabaceae), Isatis littoralis
Steven, I. tinctoria L. (Brassicaceae). 151 BU3HaUCHHS
AHTUPAIUKAJIbHOI aKTUBHOCTI POCMHHMX €KCTPAKTiB BU-
KOPUCTOBYBaJIM MeTo1, onucanuii Brand-Williams Ta iH.
(1995). bioxiMiuHuit aHasi3 nependayaB Taki eTaru: M-
rOTOBKA METAHOJIbHUX, €TAHOJIbHUX Ta BOJHUX €KCTpaK-
TiB (1 T cyxoro Matepiany 3MillyBaju 3 25 MJI pO3YUHHU-
Ka); 12 rom ekcTpaxilii; crieKTpooToOMeTpUYHEe BU3HA-
YeHHSI aHTUPaIUKaJIbHOI aKTUBHOCTI 3 PO3YUHOM 2,2-11-
deHin-nikpuiriapaswity. Po3uuH paaukany rotyBaiu B

ISSN 1605-6574. Inmpodykuis pocaun, 2019, Ne 2

MEeTaHOJIi Ta pO3BOAMIIM 3riIHO 3 MeToAMKOI0. [laHi mepe-
paxoBaHo sIK eKkBiBaJleHT ackopOiHoBoi kuciaotu (AKE) i
tposiokcy (TE) Ha 1 r cyxoi Macu. BumiproBaHHS eKcTpa-
KTiB mpoBoauIn Ha ciekTpodoroMerpi UNICO UV 2800
3a JOBXMHM XxBWJi 515 HM. ExcnepumeHTanbHi JgaHi
ornpaiboBaHo B mporpaMi Excel.

Pe3ynsraT. MeTaHOIbHI €KCTPAKTH AOCTIIKYBaHUX POC-
JIMH Majli aHTUpaIMKajibHy aKTUBHICTb 18,27—80,57 %,
eraHosbHi — 11,07—79,73 %, Boani — 23,31—80,26 %.
AHTUOKCHIAHTHA aKTUBHICTh METAHOJbHUX EKCTPAKTIB CTa-
HoBuia 1,75—2,72 mr AKE Ha 1 1, eTaHOJIbHUX €KCTpaK-
TiB — 1,62—2,72 mr AKE Ha 1 1, BOTHUX €KCTPaKTiB —
1,82—2,66 mr AKE Ha 1 1, abo BimmosinHo 1,30—7,51,
0,56—7,76 T1a 1,19—7,37 Mr TEHa 1 ©.

BucnoBku. OTprMaHi JaHi 1eMOHCTPYIOTb, 1110 B YMO-
Bax HauiionanbHoro 6otaHiuHoro cagmy HAH Ykpainu
€KCTpaKTU HACiHHS AOCHiIKYBaHMX KOPMOBMX POCIMH
XapaKTepHU3YIOThCsl BUCOKMM aHTHOKCUIAHTHUM IOTEH-
LiajJoM, SIK i JIMCTKM UM MaroHu. AHTUpaJuKajibHa aK-
TUBHICTb eKCTpakTiB craHoBmia 11,07—84,60 %. Haii-
MEHILI 3HaYeHHS L[bOro mapamerpa 3adikcoBaHO B yCiX
€KCTPaKTiB. AHTUOKCUJAHTHA aKTUBHICTb, BUpaxKeHa 1K
AKE, 6yna makcumanbHolo 1is1 Bunias orientalis i Galega
officinalis Ta MmiHiMalIbHOIO — A1 Isatis tinctoria, a BUpa-
xeHa 1K TE Oysa HaliBUI1I010 Y METaHOJIbHUX €KCTPAKTIiB
Bunias orientalis Ta HATHUXXYO010 — B €TAHOJIbHUX €KCTPaK-
TiB Bunias erucago. J1OCIiIXeHHsI €KCTPaKTiB HACiHHS
KYJIBTYP 3 Pi3HUX POAVH € HEOOXiTHUM JJIsT OLIHKY iX aH-
THUOKCUAAHTHOIO MOTEHIlialy Ta peKOMeHIalliii 1010 iX
BUKOPHMCTaHHSI.

KimouoBi cjioBa: HaciHHS, CTUPTOBI Ta BOAHI €KCTPAKTH, aH-
TUpAIUKaIbHA aKTUBHICTh, aHTHOKCUIAHTHA AKTUBHICTb.

O.H. Bepeyn, /I.b. Paxmemos, O.B. lllumanckas,
C.A. Paxmemosa, B.B. @Puwenko

HauuvoHanbHbIi O0TaHUYECKUI cafl
umenu H.H. Ipumiko HAH Ykpaunsl,
VYkpauHa, . Kues

AHTUOKCUAAHTHAA AKTUBHOCTb
OKCTPAKTOB CEMAH HEKOTOPLIX
KOPMOBbBIX PACTEHU I

[ems — wccnenoBaTh aHTUOKCUIAHTHYIO aKTUBHOCTD
SKCTPAKTOB CEMSIH HEKOTOPBHIX KOPMOBBIX PACTCHUII B
ycioBusiX HalmoHabHOTO G0TaHWYECKOTO caga MMEHU
H.H. Tpumiko HAH YkpauHsbl.

Marepuan u Meroabl. MiccienoBaHbl ceMeHa ceMU Kop-
MOBBIX pacTeHuit: Baptisia australis (L.) R.Br. (Fabaceae),
Bunias erucago L., B. orientalis L. (Brassicaceae), Galega
officinalis L., G. orientalis Lam. (Fabaceae), Isatis littoralis
Steven, I. tinctoria L. (Brassicaceae). [lnst onpeneneHust
AHTUPATUKATbHON aKTUBHOCTH PACTUTEIbHBIX KCTpaK-
TOB UCIIOJIB30Bajld METO, onucaHHbIil Brand-Williams
u ap. (1995). buoxumuueckuii aHaau3 NpeaycMaTpruBal
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CJIeIYIOIIME STAIIbI: IOArOTOBKA METaHOJIBHBIX, 3TAHOJIb-
HBIX U BOAHBIX 9KCTpakToB (1 I cyxoro marepuaja cMme-
IUBaJIM ¢ 25 MJ pacTBopuTenst); 12 4 3KCTpaKLMu;
CIIEKTPO(OTOMETPUYECKOE OMNpeaeIeHUe aHTUPATUKaIb-
HOM aKTUBHOCTHU C paCTBOPOM 2,2-AnU(PeHUIT-TTUKPUIITHI -
paswia. PacTBop panukana roTOBMIM B METaHOJIE U pa3-
BOIMJIY COOTBETCTBEHHO MeTOonMKe. JlaHHbIe TepecymTa-
Hbl KaK 3KBHUBAJIEHT acKOpPOMHOBOM KucaoThl (AKD) u
Tposiokca (TD) Ha 1 r cyxoit Macchl. I3MepeHue aKCTpak-
TOB MpoBoAWIM Ha ciekTpodoroMerpe UNICO UV 2800
MpU JUIMHE BOJIHBI 515 HM. DKCriepUMeHTaJIbHbIE JaHHbIE
obpaboTtaHbl B mporpamme Excel.

Pe3yabraTel. MeTaHOJIbHBIE SKCTPAKThI MCCAEI0BaH-
HBIX PACTeHUI MMENIM aHTUPaauKaJbHYI0 aKTUBHOCThb
18,27—80,57 %, sranonbHble — 11,07—79,73 %, BOI-
Hble — 23,31—80,26 %. AHTHOKCUIAHTHAsK aKTUBHOCTh
METaHOJIbHBIX 3KCTpakToOB 1,75——2,72 mr AKD Ha 11,
3TaHOJIBHBIX 3KCTpakToB — 1,62—2.72 Mr AKD Ha 1 T,
BOIHBIX 9KCTpakToB — 1,82—2,66 Mr AK®D Ha 1 1, wim coot-
BerctBeHnHo 1,30—7,51, 0,56—7,76 u 1,19—7,37 mr TD
Halrm
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BoiBoapl. [TosyyeHHBIE TaHHBIE I€MOHCTPUPYIOT, YTO
B ycnoBusix HaunonansHoro 6otanunyeckoro cana HAH
YKpauHbl 9KCTPaKThl CEMSIH UCCAEI0BaHHBIX KOPMOBBIX
pacTeHMil XapaKTEepU3YIOTCS BBICOKMM aHTUOKCHUIAHT-
HbIM MMOTEHIIMAJIOM, KaK U JIUCThSI UM MOOeru. AHTUpa-
JIMKaJbHasi aKTHUBHOCTb 3KCTPAaKTOB coctaBuia 11,07—
84,60 %. HaumeHbliMe 3HaY€HHUsT 3TOrO IapaMeTrpa 3a-
(buKcHpoBaHbI y BCEX ITAHOJbHBIX 3KCTPAKTOB. AHTHOK-
CHJIaHTHAasl aKTUBHOCTb, BbIpaxkeHHast kKak AKD, Obuia
MakKcUMasIbHOU sl Bunias orientalis v Galega officinalis n
MUHUMAaJIbHOW — 1uist Isatis tinctoria, a BhIpaXKeHHasl Kak
TD 6bu1a HaUBBICILIEH Y METAHOJIBLHBIX 9KCTPAKTOB Bunias
orientalis 1 caMOii HU3KOM — y 3TAHOJIbHBIX 9KCTPaKTOB
Bunias erucago. UccnenoBaHue 3KCTPaKTOB CEMSIH KYJIb-
Typ M3 pa3HbIX CEMEUCTB SIBJISIETCS HEOOXOOMMBIM IS
OLIEHKM MX aHTUOKCUAAHTHOIO MOTeHIIMala U PEKOMEH-
Tl OTHOCUTEIBLHO UX UCTIOJIb30BAHMS.

KioueBble ciioBa: ceMeHa, CIIMPTOBBLIC U BOOHBIC 9KCTPaK-

Thl, aHTUpaJIUKaJIbHad aKTUBHOCTb, aHTHOKCHJIAaHTHasd
AKTUBHOCTD.
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